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Technology of thin layers for optical applications
The analysis of high band gap oxide semiconductors proved the potential possibility of applying very thin layers of zinc oxide ZnO, titanium dioxide TiO 2 and tin dioxide SnO 2 both as optical waveguides and as sensor layers to detect selected gases [1] [2] [3] . Literature information [4, 5] suggests that some oxide semiconductors are transparent for light from the visible spectrum. This information suggest also that the optical properties of layers made from these semiconductors vary in result of actions of selected gases presented in air atmosphere [6] [7] [8] [9] [10] . In order to explain the possibility of applying such layers, some hundreds nm thick of selected semiconductors, wide technological tests have been realized. The realized investigations were focused on testing the morphology of surfaces of the obtained layers and on determining their refractive indices. The thin semiconductor layers were deposited on plates of the boronic-silicon glass type BK7 by means of the sputter-deposition method, applying the Leybold Z400 Sputtering System. In order to determine the refractive index values of these layers the Variable Angle Spectroscopic Ellipsometry VASE produced by the firm J.A. Woollam was applied. Ellipsometric measurements within the wavelength range λ = 240-1100 nm were carried out.
For each tested oxide semiconductor some technological conditions of the production of waveguide layers were applied. For each technological condition some samples were produced. The pictures of the obtained surfaces presented below are typical of the applied semiconductors. The pictures of morphological structures of the tested surfaces were obtained by using an atomic force microscopy (AFM) of the Digital Instruments Nanoscope IIIa type. The possibility of getting complete, entirely optical waveguide structures with input-output light systems performed in integrated optic technology was tested, too. In Figs 1-6 the morphology of surfaces of elaborated structures and their optical properties are presented.
Manufacturing of zinc oxide ZnO layers
The zinc oxide ZnO layers were obtained by using the sputter-deposition method under the following technological conditions:
-RF reactive sputtering; -Zn (4N) target; -processing gas: 30%O 2 -70%Ar; -total pressure: 1 × 10 −2 mbar; -power of magnetron: 100 W (cathode current: 140 mA); -roughness of the obtained layers: 10 nm; -thickness of the obtained layers: ≈ 260 nm. 
Manufacturing of titanium oxide TiO 2 layers
The titanium oxide TiO 2 layers were obtained by using the sputter--deposition method under the following technological conditions:
-DC reactive sputtering; -Ti (4N) target; -processing gas: 10%O 2 -90%Ar; -total pressure: 5 × 10 −3 mbar; -power of magnetron: 100 W; -roughness of the obtained layers: 4 nm; -thickness of the obtained layers: ≈ 270 nm. 
Manufacturing of tin dioxide SnO 2 layers
The tin dioxide SnO 2 layers were obtained by using the sputter-deposition method under the following technological conditions:
-DC reactive sputtering; -Sn (4N) target; -processing gas: 20%O 2 -80%Ar; -total pressure: 1 × 10 −2 mbar; -power of magnetron: 75 W; -roughness of the obtained layers: 25 nm; -thickness of the obtained layers: ≈ 300 nm. Investigations have shown that among the tested oxide semiconductors the best optical and morphological properties were possessed by TiO 2 layers. The roughness of TiO 2 layers was twice smaller than in the case of ZnO layers and nearly 7 times than in SnO 2 . The roughness of waveguide layers decides about the scattering of the propagated light. Therefore two Bragg's grating couplers as the input-output system on TiO 2 waveguide layers have been produced and tested. The Bragg grating couplers were produced by means of the photolithographic method. All the obtained Bragg grating couplers displayed very bad morphological and optical properties, non permitting the introduction of light into the TiO 2 waveguides. (Investigations concerning of Bragg's grating couplers on TiO 2 waveguides are being continued.) Preliminary tests have also shown that the attenuation of light in SnO 2 waveguide layers at the present state of technology is very high, making it impossible to use them as optical waveguide structures. Therefore, no decision has been taken to use SnO 2 layers for the purpose of obtaining optical grating couplers.
The tests of manufacturing optical Bragg grating couples have been undertaken on ZnO layers.
Manufacturing of optical Bragg grating couples on ZnO waveguide layers
The grating couples of Bragg's type were produced on waveguide ZnO layers by means of the photolithography method [2, 3, 5] . Figure 7 presents a picture of the used negative photomask, where a shape of the coupler is a very thin chromium--aluminum layer, deposited on a glass plate. The shapes of the grating couplers were obtained by exposing the photoresist to light of ≈ 250 nm wavelength for ≈ 5 s. Figure 8 shows the propagation of light at λ = 650 nm, into the ZnO planar waveguide. The light in the structure is excited by a grating coupler of Bragg's type. In Fig. 9 one can admit distinctly the attenuation of a light beam during its propagation. The value of the light attenuation coefficient in the presented 
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structure is equal to α = 21 ± 2 dB/cm. The α coefficient was determined in the analysis of the intensity of light in the image, using the proper numerical program. The results of this analysis are presented in Fig. 9 . Such a high value of the light attenuation coefficient α testifies on the intensive scattering effects in ZnO waveguides. The α coefficient of the presented structure is comparable to the values presented in literature and even lower [2, 6] .
Investigations of TiO 2 optical waveguides
On the actual stage of technology one can produce completely photonic waveguide structures with input-output systems on the base of TiO 2 nanothin layers. The grating couplers obtained on TiO 2 have very low qualities, practically excluding their applications. For checking the possibility of light propagation in elaborated TiO 2 waveguides the prism method of light inserting was used. The tests were realized in the measurement setup presented in [8] . The exemplary result for the TE mode polarization is presented in Fig. 10 . The tested waveguide is two-modes one. Unfortunately, the obtained characteristics do not permit to determine the attenuation of light in TiO 2 waveguides. It does not permit either to specify the state of efficiency of light energy transformation from a laser beam to the waveguide.
Remarks
Investigations concerning the technology of ZnO waveguides are continued, and actually in some ZnO waveguides the attenuations are below 10 dB/cm.
The results attained in the technology of TiO 2 waveguide structures show that in near future it will be possible to manufacture complete optoelectronic structures consisting of waveguides, a sensing layer for the detection of selected gases and with input-output structures using the Bragg grating couplers. The obtained results will be published.
